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Remotely-controlled  helicopters  and  planes  have  been  used  as  toys  for  decades.
However, only recently, advances in sensor technologies have made possible to easily
flight  and  control  theses  devices  at  an  affordable  price.  Along  with  their  increasing
availability the educational opportunities are also proliferating. Here, a simple experiment
in which a smartphone is mounted on a quadcopter is proposed to investigate the basics
of a flight.  Thanks to the smartphone's built-in accelerometer and gyroscope,  take off,
landing and yaw are analyzed. 
Quadcopters
During the last years the use of unmanned aerial vehicles (UAV), commonly known as
drones, has expanded explosively1. This expansion is a consequence of the advances in
the  sensor  technologies,  essential  to  control  these devices,  and cost  reduction  of  the
electronic components. In particular, small drones frequently used as flying cameras have
become  popular.  One  of  the  most  usual  designs  are  multirotor  helicopters  lifted  and
propelled  by  four  rotors  named  quadcopters.  In  spite  of  the  fact  that  currently  many
recreational  and  civilian  applications  are  being  developed,  until  now,  the  educational
potential remain mostly unexplored. 
Experimental setup
An smartphone, model LG G2, was mounted on a radio-controlled a DJI Phantom 2 using
an armband case as shown in Fig. 1. Several simple flights consisting of ascents and
descents  both  a  constant  speed  or  constant  acceleration  and  different  trajectories  at
constant  height  (circles,  “U”  or  “S”  shaped)  were  accomplished.  During  the  flight,  the
smartphone's  sensors  recorded  the  acceleration  and  the  angular  velocity  using  the
Androsensor application2. In practice, after several minutes of collecting data, it may be
difficult  to discern which portion of the graph corresponds to a particular maneuver. To
avoid this problem, a video camera or a second smartphone, was used from the floor to
record alternatively the flight and the operation of the remote control. In what follows, we
focus on some of the records of the sensors, particularly, the analysis of acceleration and
angular velocity along the vertical axis.
The quadcopter's flight
Quadcopters' flight is based on the rotation of four horizontal propellers (props) arranged
in the vertices of a square. As a result of the Newton's second law, when the quadcopter is
hovering  at  constant  altitude  the  thrust  generated  by  the  props equals  the  downward
gravitational force. Clearly, a vertical acceleration or deceleration is obtained thanks to an
increase  or  decrease  of  the  total  power  of  the  props.  The  vertical  acceleration  as  a
function of time, shown in Fig. 2.  Initially the quadcopter is turned off on the floor. After a
few seconds, the vehicle is switched on and the propellers start to spin. The vibrations
induced by the propellers are clearly detected by the accelerometer. Then, the quadcopter
takes off  as revealed by an upward acceleration.  After  an interval  of  deceleration,  the
quadcopter is kept hovering for a few seconds. Although the signal is relatively noisy, the
height  attained  by  the  quadcopter  coould  be  estimated  from  the  time-dependent
acceleration using the procedure proposed by Kinsey3. Note that the acceleration values
registered by the sensors are not centered about 0 but about “-g”. This is a consequence
of the fact that accelerometers measures an apparent acceleration as discussed in4-5.
As a consequence of the conservation of angular momentum, to keep the orientation of
the  device,  the  sum of  the  torques  generated  by  the  four  props  must  be  zero.  This
condition  is  accomplished  when  opposite  props  spin  in  one  direction  and  the  two
remaining spin in the opposite direction with equal angular velocity. If it is not the case, the
device will move in a particular direction. In particular, yaw (rotation about the vertical axis
of the artifact) is obtained increasing the power in one pair of opposite props. 
The results obtained by the rotation sensor are depicted in Fig. 4. Yaw, both clockwise and
counter-clockwise (see from above), is easily distinguished in the vertical component of
the angular velocity. 
Conclusion
This experience, which can be easily replicated in a school yard, provides an interesting
setup to understand basic concepts in aerodynamics by using the smartphone's sensors
and analyzing their results.  With this simple experiment we strengthen the educational
capabilities provided by two expanding technologies: quadcopters and smartphones. 
Figure 1. Smartphone mounted on DJI Phantom 2 using an armband.
Figure 2. Record of the acceleration sensor during the take-off. 
Figure 3. Vertical acceleration during a landing and a subsequent take off. 
Figure 4. Angular velocity (vertical component) recorded by the gyrometer.
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